Background: The incidence of stroke in pregnant women is low but trending upward. There are few studies of the topic in women of Asian ethnicity. Aim: We aim to evaluate stroke risk in Asian women during and after pregnancy. Design: Using the Taiwan National Health Insurance database, we designed a retrospective study that included 18-45-yearold pregnant women between the years 2000 and 2010. We selected a 1:1 age-matched control group of non-pregnant women. The endpoint was any type of stroke during pregnancy or the postpartum period; otherwise, the patients were tracked until 31 December 2010. Methods: The risk factors for stroke were found using Cox proportional regression to calculate the hazard ratio (HR) with a 95% CI compared with the control group. Results: The incidence of stroke within 1 year postpartum was 71/100,000. The risk of postpartum stroke within 1 year was an HR of 1.208 (95% CI: 1.001-5.129). The occurrence of stroke was associated with hypertension, diabetes mellitus, coagulation disorders, migraine, obesity, cerebrovascular malformation and parity. Women with third and fourth parity carried increased risks of 13.3% and 2.5%, respectively, compared with first parity women. In long-term follow-ups, stroke risk was significantly lower, with an adjusted HR of 0.362 (95% CI: 0.269-0.489). Conclusion: The risk of stroke was elevated during the first year postpartum, but lower in subsequent years. Stroke risk increased in multiparous (3) women. Physicians should be on alert for pregnancy complications and ensure appropriate management to prevent postpartum stroke.
Introduction
Although stroke caused by pregnancy is uncommon, its incidence has increased from 20/100,000 in 1990 to 48.2/100,000 in 2011 in the USA.
1,2 Pregnancy-related stroke increases disability and mortality. [3] [4] [5] A study in Massachusetts in 1996 found that pregnancy-related stroke occurred more often within 6 weeks after pregnancy, with a 7.9-fold relative risk, but only 4% of the subjects were of Asian ethnicity. 1 Few studies conducted in Asia have focused on the topic of pregnancy-related stroke. Previous studies have evaluated pregnancy-related stroke in a single hospital in Taiwan 4, 6 and in five Asian countries, mainly
Pakistan. 7 These studies discussed only stroke issues associated with pregnancy and did not include non-pregnant population comparisons or population-based epidemiological surveys. In this study, we investigated stroke incidence in pregnant women compared with non-pregnant women in Taiwan. A case control study in California in 2014 found a statistically significant risk of pregnancy-related thrombotic events risk up to 12 weeks postpartum. 8 Studies in Taiwan have tracked the effects of preeclampsia/eclampsia or caesarean delivery on postpartum stroke up to 1 year after delivery. 9, 10 Hence, we observed stroke occurrence during pregnancy, 1 year postpartum and at 10-year follow-up and identified stroke risk in pregnant women using National Health Insurance database (NHIRD).
Materials and methods

Database
Taiwan national health insurance has been in place since 1995.
It is composed of a single health care system sponsored by the government, including 99% of the nation's 23 million residents. NHIRD contains all hospital outpatient and inpatient medical payment records. There were up to 3 International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) outpatient diagnosis codes and 5 ICD-9-CM inpatient diagnosis codes. This study used the longitudinal National Health Insurance Research Database from 2000 to 2010 and observed the occurrence of stroke in pregnant women.
Methods
Pregnant women usually go to the hospital because of menstruation delay after 6 weeks of pregnancy, so fertilization was assumed to occur 6 weeks before the pregnancy was first reported. The duration of a full pregnancy is 40 weeks. We designed a retrospective study spanning from January 2000 to December 2010. We retrieved records of pregnant women aged 18-45 years in Taiwan hospitals and clinics, excluding patients who had pregnancy or stroke before the year 2000. The first pregnancy was defined as the index date of the study group. For the control group, we selected women who were not pregnant between the years 2000 and 2010. Cases were 1:1 matched by age and index year. The study endpoint was stroke occurrence during pregnancy or the postpartum period or subsequently until 31 December 2010. The study was approved by the Ethics Institutional Review Board of the Tri-Service General Hospital.
Case selection
We used the ICD-9-CM codes to identify diagnoses in NHIRD for pregnancy-related codes, risk factors and strokes. We defined pregnancy as V22, V23 or 640-648 in the outpatient dataset or as operation code 74 in the inpatient dataset for caesarean 
Results
There were 53,536 pregnant women and 53,536 age-matched non-pregnant women from 2000 to 2010 ( Figure 1 ). The characteristics of the group of pregnant women and the control group are described in Table 1 . Pregnant women were relatively healthier, with lower incidence of diabetes mellitus, chronic kidney disease, hyperlipidemia, coagulation disorder, platelet disorder and migraine but high proportions of hypertension and depression. Fifty-one strokes occurred in the pregnant group: 10 (19.6%) strokes during pregnancy, 10 (19.6%) within 6 weeks postpartum, 3 (5.9%) between 6 and 12 weeks postpartum, 14 (27.5%) between 12 and 24 weeks postpartum, 11 (21.6%) between 24 and 52 weeks postpartum and 3 (5.9%) later than 52 weeks postpartum ( Table 2 ). The incidence of stroke was 18.7/100,000 during pregnancy, 18.7/100,000 within 6 weeks postpartum, and 71/ 100,000 within 1 year postpartum. However, the stroke incidence past 1 year postpartum was only 5.6/100 000. Regarding stroke risk after pregnancy, we found an HR of 1.366 (95% CI: 1.111-18.568) within 6 weeks postpartum, 1.11 (95% CI: 1.002-2.765) between 24 and 52 weeks postpartum and 1.208 (95% CI: 1.001-5.129) within 1 year postpartum ( Table 2) .
We analysed stroke occurrences in different parities within 1 year postpartum; there were 22 cases of first parity, 11 cases of second parity, 4 cases of third parity and 1 case of fourth parity. The stroke risk for third and fourth parity compared with that for first parity was 13.3 and 2.5% higher, respectively. We investigated stroke occurrence within 1 year postpartum according to the last pregnancy, and risk was shown to be significantly higher in the pregnancy group ( Figure 3) . Regardless of parity, the risk factors for stroke included diabetes mellitus (HR: Table 3) .
The cumulative stroke incidence (3 per person-day) in nonpregnant women was higher than that in pregnant women (0.26 per person-day) for long-term follow-up ( Figure 2 
Discussion
A previous study in Taiwan found that 6.8% of total strokes occurred in people aged 18-45 years. Women accounted for 28.6% of those with stroke. 11 A pregnancy-related stroke study in the USA included fewer participants of Asian ethnicity, only 4%; another study of pregnancy-associated cerebral haemorrhage contained only 3.6% subjects of Asian ethnicity. 1, 12 This study using NHIRD for stroke during and after pregnancy will ameliorate the lack of sufficient data from the Asian ethnic group. The incidence of pregnancy-related stroke during pregnancy or within 6 weeks after pregnancy has been trending upward in recent years, from 20/100,000 during 1988-1991 to 38/100,000 during 1994-2011 in the USA.
1,2,13 The incidence of stroke was 46.2/100,000 in one retrospective single hospital-based study during 1984-2002 6 and 21.3/100,000 in another study during 1992-2004 4 in northern Taiwan. Our study found that the stroke incidence during pregnancy or within 6 weeks after pregnancy was 37.4/100,000, similar to the incidence reported in previous studies.
In a previous study, women were shown to have an adjusted relative risk that was 2.4 times greater during pregnancy and within 6 weeks after pregnancy; the risk was 7.9 times greater specifically within the 6-week postpartum period. 1 In this study, there was no increase in risk during pregnancy (HR: 0.345), consistent with the findings of a previous study. 1 Stroke risk within 6 weeks after pregnancy (HR 1.366) was lower than reported in the previous study; the higher incidence of stroke in the control group may be the cause of this discrepancy. The risk of pregnancy-related thrombotic events was found to be altered through 12 weeks postpartum in a previous study 8 ; our study found that pregnancy influenced stroke risk up to 1 year postpartum with an HR of 1.208 (95% CI: 1.001-5.129). We found pre-existing differences between pregnant women and non-pregnant women; women with severe illness tend not to become pregnant. We found lower long-term stroke risk in the pregnancy group because women who become pregnant tend to be healthier and have lower traditional atherosclerosis risk than non-pregnant women. This result did not emerge from previous studies. Even after adjusting for age and other comorbidities, we still noted a long-term reduction in stroke risk after pregnancy. A study of the relationship between number of pregnancies and stroke after menopause found that women having 6 pregnancies carried an odds ratio (OR) of 1.7 (95% CI: 1.2-2.3) compared with nulliparous women.
14 Previous studies following up with 40-70-year-old females for 7.3 years in Shanghai have shown that having 5 pregnancies entails a 1.45-fold risk (95% CI, 1.18-1.77) of stroke compared with having only one pregnancy. 15 One study of atherosclerosis in 45-79-year-old women in Germany showed that nulliparous women and those with more than three children have greater carotid intima-media thickness than in those with single parity. 16 There was a higher risk of stroke in women with more than three deliveries in this study. When pregnant women had stroke or other complications, they did not tend to have another pregnancy. Although a healthier condition was noted in multiparous women, they still carried a risk of stroke in our study. Pregnancy for women is a kind of stress that entails high metabolic damage, as well as changes in maternal carbohydrates and fat metabolism, inflammation pathways and blood vessel function. Changes in the hormone oestrogen result in increased renin, leading to body fluid retention in pregnancy. After the 6th week of pregnancy with foetal growth, body fluid begins to increase, sometimes leading to haemodilution anaemia. Increased fluid volume causes elevate maternal stroke volume and cardiac output with an increased cardiac load, as well as decreased venous return with venous accumulation. 17 The coagulation factors I, VII-XIII rise during pregnancy. Antithrombin-III and protein S decline during the third trimester of pregnancy; one-third of pregnant women have protein C resistance. When pregnant women have iron deficiency anaemia, delivery trauma and postpartum haemorrhage can lead to hypercoagulopathy. 18 Vein retention and hypercoagulopathy may cause thrombosis formation. Preeclampsia and eclampsia cause reversible vasoconstriction. 19 The above factors influence pregnancy-related stroke. This study showed lower stroke risk during pregnancy (HR:0.345) but higher stroke risk within 6 weeks postpartum (HR:1.208); delivery seems to be a potential risk factor for stroke. We also found that caesarean delivery carried an HR of 1.564 (95% CI:1.251-1.764) compared with vaginal delivery; this finding is similar to the results of a previous study in Taiwan. 10 One previous study examined stroke caused by the traditional risk factors of hypertension, diabetes and dyslipidemia. The stroke risk OR is 2.64 (95% CI 2.26-3.08) for hypertension and 1.36 (95% CI 1.10-1.68) for diabetes mellitus. 20 Hypertensive disorders during pregnancy can result in high blood glucose, insulin, triglycerides, total cholesterol, low-density lipoprotein and micro-albumin, as well as reduced high-density lipoprotein. 21 One study in the USA found risk factors for stroke related to pregnancy age, coronary heart disease and hypertension. The stroke risk OR is 1.46 for pregnant women over age 35 years compared with those under age 25-years old, but we did not find that age affected the incidence of stroke. The stroke risk OR is 1.19 for coronary heart disease and 3.51 for hypertension. 2 Interestingly, our study found a stroke risk with an HR of 5.733 for coronary heart disease and an HR of 3.12 for hypertension, figures that are higher than the previous findings. Previous studies also found that pregnant women with diabetes mellitus were at an elevated risk of cardiovascular disease risk, with an OR of 1.26 over a 10-year study. 22 Similar to a US study, our study found that the HR of maternal postpartum stroke is 1.22 for diabetes mellitus. One study in Taiwan found cerebrovascular malformation and eclampsia to be the most common causes of pregnancy-related brain haemorrhage 6 ; our study also revealed stroke risk with an HR of 3.121 for cerebrovascular malformation.
A previous study of readmission within 12 weeks postpartum in 2005-11 in the USA found that stroke risk factors included eclampsia, chronic kidney disease, black race, blood disorders and age at pregnancy. 23 This study found that maternal postpartum stroke risk was an HR of 3.667 for coagulation disorders, but the result did not reach significance for chronic kidney disease.
Regarding migraine associated with stroke in pregnant women, a previous study showed that vascular contraction in migraine, slower vascular blood flow velocity and intima dysfunction with secondary oxidative stress, inflammation, and high coagulation state may cause ischaemic stroke. The incidence of migraine during pregnancy is 185/100 000; the risk of pregnancy-related stroke is an OR of 15.05 for migraine. 24 Our study found a postpartum stroke risk of HR 5.012 for migraine, a result that is lower than that reported in previous research. The inconsistency may have resulted from underestimating the prevalence of maternal migraine (0.06%). Recent studies have found that migraine during pregnancy is associated with reversible vasocontraction leading to ischaemic stroke. 5 However, we did not find stroke risk related to reversible vasocontraction; perhaps the absence of magnetic resonance imaging records to confirm diagnosis led to underestimation of this diagnosis. In addition, maternal obesity-induced stroke occurred postpartum with an HR of 2.865; this result may be linked to the unique Chinese culture of bed rest and high-fat nutritional supplements in the postpartum period, causing obesity and a resulting risk of stroke. A previous NHIRD study tracking inpatient cases from 1999 to 2003 found an increased occurrence of cardiovascular events and mortality after delivery with system lupus erythema; the HR was 8.02. 25 However, the present study found no significantly increased stroke risk (HR 1.008) for autoimmune disease because we detected stroke events only in pregnant women.
Limitations
First, because NHIRD does not provide personal information such as smoking, family history of stroke, body mass index and drinking habits, the impact of these factors on stroke cannot be examined. Second, the severity of stroke was not recorded in NHIRD; therefore, the relationship between severity and stroke risk cannot be established. Third, self-paid prenatal visits were not recorded in NHIRD; therefore, the number of pregnancy cases may be underestimated. Fourth, because pregnant women tend to be healthier and more traditional risk factors for stroke noted in non-pregnant women, the stroke risk may be underestimated at 1 year postpartum and in the case of multiple deliveries.
Conclusion
This study emphasized that although pregnant women are healthier, they still have an elevated risk of stroke in the first year postpartum. Women with multiple parity (third and fourth) also have a higher stroke risk. Pregnant women with fewer traditional risk factors for atherosclerosis have a lower incidence of stroke in the long term. Physicians should control pregnancy complications and encourage vaginal delivery to prevent stroke in pregnant women.
